Résumé. 2014 Breaking phenomena of disordered structures such as the tearing of unwoven textiles, the fracture of brittle materials, or the propagation of cracks in solids are receiving increasing attention due to their imminent technological relevance and due to the fundamental theoretical questions involved [1] [2] [3] [4] [5] [6] [7] . The irreversibility and non-locality of breaking processes produces rather complicated spatial and temporal correlations, giving rise to a potentially much richer phenomenology than the extensively studied steady-state properties of disordered media, such as the electrical conductivity or superconductivity [8] [9] [10] [11] , or the linear elasticity of random networks [12] [13] [14] . There is a vast literature on the general problem of mechanical failure and crack propagation in solids [1, 6, 7] . Unfortunately much of the existing work involves very complicated models and/or calculations. Our motivation is to introduce a relatively simple and tractable model which captures at least some of the basic features of breaking processes. To this end, we consider the electrical analogue of breaking through the introduction of a random fuse network.
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The « burning out » of individual fuses as the external voltage is increased is analogous to the physical breaking of bonds as the mechanical stress across an elastic network is increased. One of the motivations for dealing with such an electrical network is that it is the scalar analogue of an elasticity problem, and the former should therefore be simpler to study. This is similar to the situation in the linear response regime, where the scalar conductivity problem is much simpler to treat than the vector elasticity problem.
In our model, we consider a square lattice of size L x L with bonds all of length unity and free boundary conditions. On each bond of this lattice, we place a fuse with probability p and an insulator with probability 1 -p. We define a fuse as a device with a constant resistance when the applied voltage across it is less than a critical value Vc (Fig. 1) . For convenience we choose the value of the fuse resistance and the value of Vc to be unity. If the applied voltage exceeds P~, the fuse bums out or « breaks » irreversibly, thus changing into an insulator. We are interested in studying how a random network consisting of these fuses will break apart, i.e., undergo an insulating transition, as the external voltage across the system is increased. To study this breaking process, we first identify the conducting backbone of the network, defined as that portion of the system which conducts current, by the use of the recently introduced cluster « burning » algorithm [15] . On this backbone, we then calculate the voltages at each node of the network by using a standard Gauss-Seidel relaxation procedure. In this set of voltages, there will exist a « hottest » bond across which the potential drop has the largest value. We now adjust the value of the external voltage so that the voltage drop across the hottest bond is just sufficient to cause its breaking. In order to obtain an intrinsic quantity, we normalize this critical voltage by the length of the system. We term the value of the external voltage obtained by this procedure as Vin, the « initial » value of the voltage required to initiate the breaking process. In performing subsequent breakings, we first assume that there is sufficient time for the modified network, in which the hottest bond has been removed, to reach a new equilibrium voltage state before further fuse burning takes place. In the framework of our model, we therefore recalculate the new equilibrium values of the node voltages when the hottest bond has been deleted. Now a new « hottest » bond may be identified, and then broken. This process is repeated until the network is broken into two distinct pieces (Fig. 2) .
The breaking process that we have defined is somewhat different than what might be realized in a simple-minded experimental procedure. A typical procedure would be to increase the value of the external voltage, breaking bonds one at a time until the entire network breaks apart. For a relatively homogeneous network with p N 1, the breaking process would be self-sustaining as soon as the first bond is broken due to the propagation of a well-defined crack. On the other hand, for a network with j9 ~ pc, the percolation threshold, it may be necessary to increase the voltage several times after the first bond breaking, as there may exist very weak strands which break initially, but other stronger strands may require a still higher value of the voltage to break.
For the homogeneous network, the propagation of a crack causes the system to weaken mono- In addition to studying the value of the voltage required to cause breaking, we have found that two additional quantities appear to exhibit simple power-law dependences on p -Pc. The first quantity is the average number of bonds per unit volume, ( N ~, which must be cut in order to disconnect the network. Appealing to the nodes and links picture of the percolating network [16] [17] , we expect that the network will become disconnected when an entire row of links is broken. Therefore we expect that ( N ) should vary inversely with the correlation length, ~. In our simulations of an 80 x 80 network (Fig. 4) , the data suggest that ( N ) vanishes near Pc as (p -~)~, with x = 1.40 ± 0.15, in reasonable agreement with the hypothesis that N ) should be proportional to the inverse correlation length.
A final quantity that we monitor is the conductivity of the network during the breaking process. The value of the network conductivity before any breaking occurs, coincides with the conductivity of the classical random resistor network problem. We define the value of the conductivity of this initial system as Gin. The value of Gin should vanish near Pc as (p -Pc)t, with t = 1.28 [8] [9] [10] [11] .
Our data on a 80 x 80 lattice gives a value for t of 1.18 ± 0.15, thereby yielding an estimate of the accuracy of our calculations. Just before the network completely breaks, we also measure the conductivity of the resulting « final » network, and we define the measured value of the conductivity to be G fin. This quantity appears to vanish near Pc as ( p -/~, with v = 0.53 ± 0.10. There appears to be no simple connection between this new exponent and the other known exponents of percolation (Fig. 5) .
It is also interesting to note that Gfin possesses a peculiar scaling property. At p~, only one bond must be broken in order to render the network disconnected [18] , so that Gin and Gfin must coincide. This coincidence will persist for values of p greater than Pc as long as ~ is larger than the linear dimension, L, of the system under study. However, once ~ becomes smaller than L, many bond breakings are required to disconnect the network and Gfin will now be smaller than Gin. network. Shown is the initial conductivity, Gin' before any fuse is burned (·), and the final conductivity, Gfin' just before last fuse is burned (0). Statistics as in figure 3. Thus for a finite size system, Gfin will vary as (p -Pc)V until ~ becomes larger than L, and subsequently, Gfin and G in should be equal. Finally, it is worth noting that near Pc very few bonds need to burn in order to break the network. Therefore, geometrical exponents such as the fractal dimension of the initial and final network will be the same. On the other hand, the dynamical exponents such as the conductivity exponent or the fraction dimension are quite different [19] . This demonstrates the predominant role that the hottest bonds play in determining dynamic exponents.
Various properties of the interface produced by the breaking process, which separates the two disconnected portions of the network, also seem to be worth investigating. Unfortunately, several of the simpler properties that can be defined, such as the fractal dimension of the interface and the distance between successive bond cuts, exhibit very strong finite size dependence. In order to obtain reliable data on these quantities, we will need to consider system sizes much larger than what is currently possible within the framework of the present model.
Another property that might be of interest is the number of horizontal fuses burned divided by the number of vertical fuses burned. For p = 1 one expects this ratio to be zero and for p -~ pt o be one. We note at this point that the nodes and links picture [16] [17] 
